Introduction
it has been shown that foetal death can be predicted by measuring oestrogen/creatinine ratios on early morning samples of urine and monitoring the trend in results over the last three months of a pregnancy [1-l. Bellshill Maternity Hospital serves the Lanarkshire area, which has a birth rate of 10 000 per year. The urinary oestrogen/ creatinine ratio test provides inexpensive antenatal monitoring for all patients in the area. The analysis, calculations and cumulative reporting of a test on this scale is both tedious and time-consuming. The introduction of a microcomputer-based system has allowed the full use of this service in Lanarkshire and oestrogen/creatinine analysis can now be carried out on up to 1000 patient samples per week. Only one technician is required for operation and data acquisition, calculations and printing of cumulative results with graphs are performed by the microcomputer system. Disc storage is available for up to 2000 patients.
No commercial instrument is yet available to perform and automate these tests.
System design
A block diagram of the complete system is shown in figure 1. It can conveniently be described as a data-acquisition system (DAS) linked to a data-processing system.
Data acquisition
The analogue signals for the DAS are obtained from retransmitting outputs of the chart-recorder of the analytical system. The DAS has no effect on the existing analyser; so, if necessary, the original method of obtaining results from the chart may still be used. The chart-recorder still functions as a useful monitoring instrument for the quality of the peak data and can be used by the operator to detect chemistry problems, such as short sampling or excess carry-over.
The analogue signals from the analyser are in the form of two asynchronous channels, each consisting of a series of peaks and Principal components of the complete system. troughs corresponding to each sample. The timing of the DAS is initiated by the first two peaks in each channel which are standards, subsequent peaks are measured and stored in a buffer. The DAS assumes linear calibration and performs digitization to 8-bit accuracy every 2.6 s. If a peak boundary is not detected within the predicted time interval, a missed-peak error flag is set. Another error flag is used to indicate off-scale peaks.
The DAS has sufficient storage for three full trays (150 samples) of peak data and is able to handshake with the dataprocessing microcomputer. Therefore, the DAS requires a low priority from the data-processing microcomputer and no results are lost if the second microcomputer cannot be interrupted, for example, during disc access. The modular design of the DAS allows for expansion to eight channels. The DAS can output peak results directly to a printer if desired; this is useful as a checking facility and if the data-processing system is not operational.
Three levels of self-test have been incorporated. Combinations of hardware and software allow the operator or service engineer to see the current status of the system, to test the basic operation of the data-acquisition module and to monitor the internal timers and data stores during normal execution of the program.
When the unit is switched on or reset, test routines check the essential subunits, the RAM, ROM and the input-output ports.
Defects in any of these will illuminate an indicator light-emitting diode (LED) on the front panel.
While the system is running normally, its status is indicated by further LEDs. One of these is held off'by the program: it lights only in the case of a complete program 'crash'. Another flashes at each digitization, a third indicates the detection of a peak, and a fourth indicates when data is available for output.
Data processing
Patient details are typed in from the VDU by the operator during the run. They can be printed-out as a 'work-sheet'. The data-processing microcomputer performs the calculation at the end of the run and the work-sheet can then be printed-out again with the results filled in.
The microcomputer has two disc drives using double-sided discs, the capacity of each is Mbyte. Using one disc for programs and the other for data, records for up to 2000 patients are stored on disc. 
Software
Data acquisition The DAS system programs are written in 8080 assembly language and are organized in two major segments--the main program and the interrupt segment (figure 2).
The main program starts by initializing the system, it sets up flags, address pointers and timers and then waits in a loop until data has been placed in the output buffers. The interrupt routine supplies the data to the output buffers, incrementing last-dataentered pointers and the printer pointer, and if a difference exists between them calls the output routine. The output routine includes a code-conversion routine for translating to decimal numbers and for printing warning characters when error-flag bits are set.
to the protected area of memory in the data-processing microcomputer. The data is then transferred to peak and base-line areas of memory, leaving the buffer area free for the next line of data. The patient numbers already stored on disc are read into an array in memory from the master index file. When the operator types in a patient number the program searches through the array to see of the patient is already on file. If the patient number is found, the relevant record is read from the main patient file and copied into the tray file. Patient details are displayed on the VDU to ensure reliable patient identification. If the patient is not already on file the program branches to the routine for entering patient details. The new patient record is stored in the tray file and the main patient file. The index file is updated. The index system is used because it is much faster in searching through an array in memory and then searching a disc. Data is still transmitted from the DAS to the data-processing microcomputer while the operator is running any of the options from the menu. When there is a disc access, the data-processing microcomputer disables interrupts thus stopping the DAS from sending data.
Discussion
In this biochemical test the parameter required is the ratio of oestrogen to creatinine in each sample. Correct synchronization of the two analysis channels is essential. This synchronization has been maintained without difficulty.
In order to establish that the 'digital' system was introducing no systematic errors, and also to assess the precision of the results achieved, the DAS was run for some time in parallel to the previous 'manual' system of peak measurement. Analysis of trays of samples from the normal clinical work-load were repeated, giving four sets of results for each tray: two for the manual method, and two for the digital method. From these results, three variances were extracted: one for the manual method of peak measurement, one for the digital method of peak measurement, and one from the process of peak production, the analytical method itself. Typical results showed the manual and digital methods to be of the same order of variance, with coefficients of variation of the order of 0.4. As this was better, by a factor of three, than typical estimates of the coefficients of variation of the 'chemistry', the digital method was considered to be performing adequately. Its operational advantages over the manual method are those of speed and the elimination offatigue, which leads to an increased work-load, and also the elimination of the occasional human errors which occur in manually processed data.
The total cost of the complete system, including such peripherals as the VDU and the printer, was 6000. The authors would be pleased to provide details of both the software and hardware on request.
Although the high reliability and modest development cost have vindicated the original choice of S 100-bus-based systems, the advent of single-board microcomputers now offers an attractive alternative for the data-acquisition part of the system.
The data-acquisition system has been in operation since 
